Among other uses, latexes are a successful alternative to solvent-borne binders for coatings.
hybrid latex with an acrylate shell (in the case of the most hydrophobic resin), the surfactant molecules tend to gather into islands like in pure acrylate latex films.
Introduction

A latex
1 is a colloidal suspension of submicronic polymer particles stabilized thanks to surfactant molecules localized on the surface of the particles. Synthetic latexes, polymerized in emulsion, were first developed to mimic natural rubber latexes in the late 40's. For health and environmental reasons, the range of applications of latexes produced by emulsion polymerization processes has broadened and among other uses they are a successful alternative to solvent-borne binders for coatings. However, solvent-borne binders such as alkyd resin still show superior properties in particular for exterior paints. After the solvent evaporation from alkyd solution, an oxidative drying occurs based on a free-radical chain mechanism in presence of O 2 (from ambient air) and catalyzed by metal complexes leading to a crosslinked binder with interesting properties and durability. Waterborne aqueous dispersions of alkyd resins have also been prepared by dissolving a surfactant in the resin at high temperature before water addition and cooling under agitation 2, 3 . This process led to stable emulsions of partially crosslinked alkyd droplets, however the drying time was too long for a wide commercial use. Nabuurs et al. 4 attempted to synthesize waterborne acrylic-alkyd hybrids by means of emulsion polymerization of acrylate monomers in the presence of alkyds, but low monomer conversion and increasing phase separation as polymerization proceeded was observed.
As an alternative, it was proposed to synthesize acrylic-alkyd hybrid latexes in order to combine the advantages of both phases. Wang et al. 5 first synthesized acrylic-alkyd hybrid latexes by miniemulsion polymerization. Miniemulsion polymerization allows the incorporation of water insoluble components into polymer particles because mass transfer through the aqueous phase is avoided [6] [7] [8] . Surfactants play a key role in the stabilization of the miniemulsions and the latexes produced from them. Thus, it has been reported that during the miniemulsification process the strength of the surfactant adsorption affects the mobility of the surfactant and hence its ability to stabilize the newly formed small droplets 9 . In addition, the localization of the surfactant in the film has a strong effect on the application properties. Thus, surfactant migration reduces gloss 10, 11 and adhesion 12, 13 when it accumulates on the film surface and increases water sensitivity when it forms aggregates inside the film 14 20 . However most of the reported results concern model acrylic or polystyrene latex films and to our knowledge no information concern hybrid systems.
Besides, it might be interesting to observe the surfactant localization in the latex prior to film forming process. Surfactant migration depends on its adsorption strength on the surface of the polymer particles 23, 24 , which for a particular surfactant depends on the characteristics of the particle surface. Consequently, the fact that the hybrid acrylic-alkyd systems are multiphase particles may affect surfactant migration. This is a topic which has not been treated in literature.
Thus, this paper presents the study of surfactant location in acrylic-alkyd systems using a ) . Given the novelty of such types of STEM imaging in ESEM, the understanding of the contrasts required a preliminary study of a model latex system. Thus, the first part of this paper is devoted to the imaging of the location of surfactant molecules in latex and after film forming process in a model pure acrylate copolymer latex. Then, in the second part, acrylicalkyd hybrid latexes with alkyds with different hydrophobicity level -i.e. which display two different morphologies-are studied. The surfactant localization in these materials is discussed in relation to their recipes and their morphologies.
Experimental methods
Materials.
Technical grade monomers, methyl methacrylate (MMA) and butyl acrylate (BA), supplied by Quimidroga, and acrylic acid (AA) supplied by Aldrich were used without purification. 
Miniemulsification
All miniemulsions contain 50 % of solids content, 50 % (wbop, weight based on organic phase) of alkyd resin, 6% wbop of active surfactant, 4 % wbm (weight based on main monomers) of stearyl acrylate, and NaHCO 3 at a water concentration of 0.039 M. The miniemulsion was produced as follows. First, the organic and the aqueous phases were mixed by magnetic stirring (10 min. at 1000 rpm). Then, the coarse emulsion was sonified with a
Branson 450 equipment (15 min., power 9 and 80% duty cycle). Finally, the miniemulsion was subjected to 6 cycles in a Niro-Souvi (model NS 1001L Panda) two-valve high-pressure homogeniser with pressures of 410 bar and 41 bar in the first and second valve, respectively.
Polymerization and post-polymerization processes
Polymerization reactions were carried out in batch in a 1 L glass reactor equipped with reflux condenser, stirrer, sampling device, and nitrogen inlet. Reaction temperature (70 °C) was set constant by controlling the temperature of the fluid in the jacket by means of a thermostatic bath and a heat exchanger. The miniemulsion was added to the reactor and kept under stirring and nitrogen atmosphere (12-15 mL/min). KPS was added into the reactor after the miniemulsion reached the reaction temperature.
During post-polymerization the two components of the redox pair (TBHP/AsAc) were independently fed during 90 min to the reactor at 70ºC. Finally, the reaction was allowed to continue 30 min in batch. Two latexes were prepared, each one using either the HPL or the HPB alkyd resin. The average particle size measured by DLS (Dynamic Light Scattering) was 100nm for both latexes.
The choice of the hydrophobicity level of the alkyd resin enabled to tailor the nanostructure of the latex particle. Indeed, in the case of the most hydrophilic alkyd resin (HPL), the external area of the latex particle is enriched in alkyd resin. This was clearly demonstrated by TEM and AFM observations 26 . Conversely, with the most hydrophobic alkyd resin (HPB), it was
shown that the external area of the latex particle is enriched in acrylate.
An acrylic latex (blank latex) was synthesized as reference. This system was a 50%wbop solid content latex based on a P(MMAcoBA) (50/50). The latex was synthesized with 2%wbop active surfactant, 4%wbop costabilizer (behenyl acrylate) and 0.5%wbop KPS as initiator.
The monomers and the co-surfactant were mixed by magnetic stirring. The resulting preemulsion was further sheared by sonication with a Branson sonicator for 15min then transferred in a four-neck reactor. The polymerization was started by the injection of a 5mL
solution of initiator and the reaction was done at 70°C for 3 hours under nitrogen flow. The average particle size measured by DLS was 180nm.
Imaging technique: STEM-in-ESEM and wet-STEM.
New developments in imaging techniques in ESEM enables the observation of nano-objects in suspensions in a Scanning Transmission Electron Microscopy configuration (wet-STEM) 25 . 
Numerical approach of image contrasts.
Modeling of image contrasts in STEM that simulates the experimental configuration has been investigated. A specific software based on a Monte-Carlo method (Hurricane 27 ) is used to calculate the path of 100000 electrons across a modeled thin film. From this, the amount of electrons collected in the 420 to 820 mrad collection angle range is then calculated. The software setup enables the choice of geometry, composition, detector and electron beam conditions. The sample composition is specified through atoms ratio and density (table 1), considerations of bonds or charges were not available. Thus for Dowfax 2A1 surfactant, several cases are considered. First, the compound "Dowfax" is simply based on the chemical formula. The compound "Dowfax tail" is attributed to the hydrocarbon tail (hydrophobic tail) and the compound "Dowfax head" is attributed to the sulfonated heads (hydrophilic heads) considered as NaHSO 3 crystals. Both alkyd resins considered here are long-oil alkyd resins.
For the calculations, the HPB alkyd resin is considered as a classical alkyd resin based on the polymerization of one mole of an unsaturated fatty acid containing 23 carbon atoms, with one mole of phtalic anhydride and one mole of glycerol. The HPL alkyd resin is based on the same formula with the addition of one mole of hydroxyl groups. In all calculations, the carbon coat layer of the observation grid is not considered. Results and Discussion
I. Preliminary study: localization of surfactant molecules in model acrylate latex
Given the novelty of the environmental-STEM setup for the imaging of colloidal systems, this first part aims at demonstrating its ability to image surfactant in acrylic system both wet and dry conditions. To do so, a model acrylic latex stabilized with Dowfax 2A1 surfactant is observed using the wet-STEM imaging setup (Figure 1a ) at 2°C and 5.6Torr water vapor pressure. Fairly monodisperse spherical particles are observed since the particle deformation is avoided by an observation below the glass transition temperature (around 15°C). In addition, bright areas surround these particles. The same model acrylate latex is observed in dry conditions (STEM-in-ESEM, 2°C and 3.9Torr water vapor pressure) and no bright crowns are visible around the latex particle (Figure 1b) . Finally, Figure 1c shows this same model latex after slow water evaporation in order to favor the gathering and compaction of the particles. Note that the latex particles manage to deform despite the low temperature. This is due to the fact that minimum film formation temperature does not only depend on glass transition temperature but also on particle size 28 and water evaporation rate. This image is different from Figure 1b in that brighter edges are obtained. Reminding that the images follow a mass-thickness contrast in which high atomic mass atoms appear brighter as well as thicker materials. In Figure 1c , under particle compaction, the edges of the particles deform. Thus, the amount of material that is interacting with the electron beam is larger for the case of deformed edges compared to non-deformed edges. In addition, one can intuitively consider that when the water evaporated the Dowfax 2A1 layer adsorbed on the latex particles might re-organize and gather toward the inter-particle area and thus, could influence the brightness of these thickened edges. Finally, the slow evaporation could lead to the presence of trapped water between the particles leading to a higher electron emission field. Indeed, in Figure 6 , Hurricane simulations show that, for a given thickness, the electron scattering of water ("water") and Dowfax 2A1 ("dowfax") is larger than the one of the acrylic copolymer ("copolymer").
From Figure 1a , a grey value profile of a 180nm diameter particle is plotted on Figure 2 . The measured thickness of the bright crown is around 50nm. This thickness range is not consistent with the thickness range of the surfactant layer adsorbed on the latex particle which should be no more than a few nanometers. However due to the fact that these bright areas are specifically located around the latex particle, it is reasonable to consider that the surfactant layer plays a role in this artifact. It is also reasonable to consider that the presence of water during the imaging might play a role in this artifact. Indeed, previous studies focused on the effect of radiation damage in environmental scanning electron microscopy (ESEM) 29 showed that water acts as a source of small, highly mobile free radicals, which accelerate specimen degradation. Moreover, they found an increase in the quantities of reactive species produced with increasing beam energy. For primary electrons of 25 keV, the reactive species spread over a wider region and their decay is slower. Thus water radiolysis is likely to occur during wet-STEM observations of latexes leading to the creation of short-lived free radicals H• and HO• 29 . In addition, Dowfax 2A1 molecules ( Figure 3 ) might also undergo homolytic bond cleavage due to the weakness of the C-S bond 30 . Contrary to short-lived water radicals, this bond cleavage would lead to long-lived radicals due to sterical effect of phenyl groups hindering the approach of another radical 31 . In addition, these radicals can undergo further Single Electron Transfer under the electron beam.
Therefore, negative charge accumulation is likely to occur on the surface of the latex particles leading to a larger electron emission fields from those charged areas, explaining the presence of the bright crowns. In dry conditions, no water radiolysis is occurring, thus this artifact is not observed. As an attempt to model the behavior of the electron scattering field through the latex particle with and without the presence of water, a mathematical model based on a Monte-Carlo method (Hurricane software) has been used. A Hurricane simulation based on a pure copolymer latex particle and two other calculations considering an additional shell of either "Dowfax" or "NaHSO 3 " are depicted in Figure 4a (see Experimental section for more details).
In the case of the "NaHSO 3 " shell, this sample geometry is an attempt to describe the specific ordering of surfactant molecules into a layer around the latex particle. As expected the scattering of the latex particle is consistent with a mass and thickness contrast. However, no effect is observed from the presence of a "surfactant shell" (whatever the shell composition).
Similar calculations made with an additional 100nm-thick water layer are depicted in Figure   4b . A flat plot is observed for the pure copolymer latex particle immersed in water as well as for the latex with a "surfactant shell". The absence of contrast between the internal area of the particle and the water is consistent with the corresponding grey levels in Figure 2 . Thus an electron scattering is obtained from the presence of water but none of these calculations manage to describe the peculiar phenomenon of bright crowns observed in Figure 1a . This supports the idea that charges accumulation is involved in the observed contrast. In an attempt to simulate this phenomenon, another calculation with Hurricane is performed.
Nevertheless, as the software does not allow simulation of charging effects, the additional charges that lead to a deviation of the electrons are assimilated to a highly diffusive compound (Au). Thus, an additional Hurricane simulation is done considering a core-shell particle comprising a copolymer core and a 1nm thick shell of Au (Figure 4b ). Under these conditions, the scattering profile shows two "bright" peaks appearing at distance to the centre equal to the particle radius. Thus, this simulation confirms that the presence of a scattering compound at the only surface of the particle is enough to create the bright artifact such as the bright crown observed around the latex particle.
Charge Contrast Imaging 32 is a recent technique in ESEM that take advantage of the variations of charge accumulations at the surface of a sample to create image contrast.
Similarly, in our wet-STEM observations, the Dowfax 2A1 layer adsorbed on the surface of the latex particles is highlighted through the formation of charge accumulation at the surface of the particles due to the presence of both the surfactant layer and the water. Thus, even if the thickness of the surfactant layer is below the resolution of the experimental observation conditions, wet-STEM appears as a powerful technique to detect its presence.
The other information provided by theses images, is that when water evaporation is fast, neither surfactant aggregates nor surfactant layers are detected. Conversely, as already shown in Figure 1c , using slow water evaporation promotes the latex particle gathering and compaction, i.e. enables to mimic film forming process. In that case, the surfactant localization can also be studied to address its outcome in the film. Thus, the imaging of surfactant molecules after film forming process in the model acrylic latex is performed using STEM-in-ESEM setup.
After storage in a clean grid box at room temperature for a month, the same area shown in Figure 1c is observed again and presented in Figure 5a . Bright lumps clearly formed throughout the film and surprisingly, the copolymer particles remain in shape even during the storage above the copolymer glass transition temperature. This non-deformation of the particle during the storage is likely due to interactions between the acrylate copolymer and the electron beam during the first exposure (Figure 1c) . The radicals that formed under the electron beam can react together and form covalent bonds between the polymer chains 33 leading to cross-linking of the material and hindering the particle deformation even above the glass transition temperature. Due to this degradation phenomenon, two successive observations of a same area would not be significant of the real latex behavior upon film formation. Another area is presented in Figure 5b , in that case, the film formation process did occur and the particle edges are not visible anymore. Moreover, like in figure 5a, bright objects are visible, more particularly around the carbon coat holes. In these images of latexes after film forming process, no water is remaining: thus, bright artifacts from water radiolysis cannot be responsible for those bright lumps. Hurricane simulations are performed to compare the electron scattering behavior of each compound present in our system. A monolayer (from 0 to 100nm thick) of each compound is considered.
To describe a specific ordering of surfactant molecules that would lead to close packing of the hydrophilic heads together, a layer of NaHSO 3 ("Dowfax head") is also considered. Similarly a layer of "Dowfax tail" is also depicted. In addition, the scattering behavior of alkyd resins is calculated. As shown in Figure 6 , "Dowfax tail", both alkyd resins and acrylate copolymer have similar scattering behavior. Consistently with a mass-thickness contrast, the largest amount of electrons collected is obtained for "Dowfax head" and "Dowfax", which means that the later will appear as the brightest materials. This suggests that the bright objects in figure 5 are likely made of these compounds. To confirm that surfactant molecules gather into lumps, a solution of surfactant in water is evaporated on a grid and observed in STEM-in-ESEM. Bright dots can be observed on the image: surfactant molecules seem to rearrange into highly diffusive objects of tens of nanometers size (Figure 7 ). Figure 7 : STEM-in-ESEM image of surfactant mixed in water after evaporation of water.
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In addition, Energy Dispersive X-Ray Spectroscopy is performed on the acrylate model sample observed in Figure 5 . Both bright lumps and grey latex particles are characterized; the analyzed area is 100nm×100nm and its localization is depicted on the image (Figure 8 ). In Figure 8a , the EDX spectrum of a bright lump is presented while in Figure 8b , the EDX spectrum of a grey domain (latex particle) is presented. The following elements are detected in both areas: Carbon (C) and Oxygen (O) come from the polymer and the Carbon coated grid, Copper (Cu) from the Copper TEM grid and Silicium (Si) comes from the detector.
Besides those elements, Sodium (Na) and Sulfur (S) are detected in the bright areas whereas none is detected in the dark ones. This confirms that a large amount of Dowfax 2A1 is gathered in the bright lumps while few remains adsorbed on the surface of the latex particles. These observations and modeling runs comfort the assumption that specific surfactant molecules ordering (coming after surfactant migration induced by water evaporation) are responsible for their surprising electron scattering in dry films.
To conclude, this first part clearly demonstrates that in pure acrylate latexes, surfactant molecules are gathering into nano-to-microscale islands throughout the film. In STEM configuration, these aggregates of Dowfax 2A1 molecules are characterized by a bright contrast compared to the contrast attributed to the acrylate copolymer. In the following, this specific electron scattering behavior of surfactant molecules in environmental STEM observations is used to provide insights on the surfactant localization in two hybrid alkyd/acrylate latex films with different hydrophobicity levels of the alkyd resin.
II. Surfactant outcome in alkyd/acrylate hybrid latexes after film forming process
Due to their glass transition temperature below 0°C (for the model acrylate latex, the glass transition temperature is around 15°C), the film formed from hybrid latexes at room temperature and even at 2°C (experimental conditions of the preliminary study). Thus, the particle coalescence occurs very early during the water evaporation and isolated undeformed particles are not obtained even in wet-STEM. However, surfactant outcome after film forming process can be studied in dry state. continuous grey background due to the film forming process of the latex with bright objects similar to surfactant lumps. In this latex, the alkyd resin is located inside the latex particle and so the surfactant molecules should mainly interact with the acrylate copolymer. As plotted in Figure 6 , the scattering of acrylate copolymer and alkyd resin are similar, therefore no difference in scattering contrasts are expected in the image of mixed films. Thus, it can be concluded that during film forming process, the exudation of surfactant in this hybrid latex occurs just like in pure acrylate copolymer latex.
In Figure 9b , the "background" is not homogeneous as in Figure 9a but comprises two distinct contrasts in similar ratio. A light grey phase with needle shape is visible on a darker grey domain. In addition, brighter objects, similar to surfactant lumps are also present, similar to the ones visible in Figure 9a . The causes of the background heterogeneity could be found in the fact that with hydrophilic alkyd based latex, the alkyd resin is likely outside the particle, i.e. in contact with the surfactant molecules. Taking into account that alkyd resin comprises long hydrocarbon chains of fatty acids, it should have strong affinity with the surfactant hydrophobic tails [34] [35] [36] . The presence of the surfactant molecules associated with the alkyd resin in small domains can increase the overall electron scattering of these domains compared 19 to pure alkyd resin or pure acrylate copolymer, leading to a brighter contrast. Thus the light grey phase could be attributed to alkyd resin associated with Dowfax 2A1 molecules while the brighter objects are likely surfactant lumps due to partial surfactant exudation. This partial exudation and the large amount of light grey phase in figure 9b is a direct observation of the preferential interaction of the surfactant tail with the alkyd resin, and suggests that even prior to film forming process (during emulsification and polymerization), the hydrophobic tails are associating with the alkyd resin. To sum up, STEM observations of hybrid latexes highlights two different outcomes of the surfactant molecules. In the HPB case, exudation of the surfactant into islands is observed whereas in the HPL case the surfactant remains in interaction with the alkyd phase due to a strong affinity between the alkyd resin and the hydrophobic tails of the surfactant molecules.
These conclusions are depicted in Figure 10 . 
Conclusion
The recent development of imaging technique using a high angle annular dark field configuration enables a fine imaging of nanometric latexes in their colloidal state. This technique has been used in this work to observe the surfactant layer (Dowfax 2A1) adsorbed on surface of acrylate latex particles. Despite the fact that the thickness of the surfactant layer is below the resolution of the experimental observation conditions, its presence has been detected thanks to charge accumulation phenomenon at the surface of the particle. After film forming process, these surfactant molecules remain in the film in various locations depending on the film forming conditions and the interactions between the surfactant molecules and the polymer nature. In pure acrylate copolymer latex, these molecules preferentially gather into island throughout the polymer films. A similar result is obtained for hybrid latexes comprising a hydrophobic alkyd resin. In that case, the alkyd resin is mainly located in the internal domain of the latex particles surrounded by acrylate copolymer so the surfactant molecules In that case, the alkyd resin is preferentially located on the outside of the latex particles.
Hydrophobic interactions between surfactant molecules and alkyd fatty chains hinder the mobility of surfactant molecules and so lead to a mixed phase containing both molecules.
At last, these environmental observations of surfactant exudation in hybrid films enables direct insights on the specific interactions between the alkyd resin and the hydrophobic tails of the surfactant molecules. Thus, the study of surfactant outcome can give insights of the surfactant behavior during emulsification and polymerization step by highlighting specific interaction with the other component of the latex. For instance, a preferential burying of surfactant could hinder the formation of small droplets due to the fact that the surfactant molecules could not move fast enough to stabilize the newly formed droplets.
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